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cellular region of the solidification structure of individual rapidly
solidified powder particles. Moreover, composition profiles have been
obtained by the STEM across regular and nonregular cell walls in these
powders which indicate that a high degree of chemical homogeneity has
obtained. A comparison is made of the microstructures and microchemistry
of individual powders, consolidated powder product, and conventionally
processed versions of this high-sulfur austenitic stainless steel.

The rapidly solidified powders of a high-phosphorus stainless steel have
also been observed in STEM. The results of these observations are presented
in light of the data obtained on the high-sulfur steel.
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ABSTRACT

Scanning trarismissior electron microscopy (STEM) h~is been used for micro-
structural and nmicrocht~riical analysis of two rapidly solidified austenitic
stainless steels. One steel is a high-sulfur. 303 stainless type. In this
rapidly solid-fied steel, sulfide particles (M',nS) are found to be t ;o or :-n-ne
orders of magnitude smaller in si-,r. and more uniform,,ly distributed, thaw -n
the convciitionally prcossed inate, 11. Extremely small sulfide Darticieps ;-ve
been observed at the cell walls an,] in the intracel Iul ar rcyi oni of tIe SC.;I -
fication structure of individual rapidly solidified powder particles.
composition profiles have been obtained by the STEM across regular and nflu',-
regular cell walls in these powders which indicate that a high degree o a
homogeneity nis obtained. A com..parison is made of the microstructur'es an,-
iicrochcniistry of individual po..'ders, cons;olidated pow..der product, r~nd conm:3n-

tioaly pocsse vrsions of this high-sulfur -utntcnainless sy
* The rapidly solidified pow.ders of a hi,,,l-phosphorUS stainleCss S412CI :

also boen ob,;vrved in STEMr. The resuilts of these ob.-.rvitions are re'v ir

igiht .r tlhC lajtz o! jtainLd onilf hjic1-_,d Iftur s tQedI



I ,rFRO DUCT !I ....

Rapid solidification processing (RSP) has been viewed1 as a means of
obtaining better properties frow (crystalline) metal alloys. tmprov,:,mLs in
Sproperties are larqely a result of the following uffects of high cooling. rates
on the "as solidified" structure of crystalline metal alloys: a) reduced seire-
gate spacing with increased cooling rates; b) reduced solute segregation levels
(solute trapping) and/or swqrea io!less solidific.tion; c) suppression of
st ,) I e phase fno:'ti n ;m K. rrtjii tion of w!_ta',t a .i.; phases, Pritmarily as a
result of a), direct chM'ica l oiservation of such effects as b) and c) in i,'S
alloys has been limited. With the advent of the dedicated scanning transmission I
electron microscope (STE11). the capability for compositional analysis by X-ray
fluorescence spectroJctx' ,ith a spatial resolution on the ord.r of 50 A in th;
sections has been reali7!1d. Hiicror:hcinical inforwation with this resolution frcm
RSP alloys, with the associated microstructural images, should lead to a better
understanding of the processes occurrinc during solidification of alloys at hicih
cooling rates. Such i1icrocili.ical inforiaation is likewise important to the
development of consolid-Lion techniques that can optimize the advantage gained
-in RSP. Development of this fundamental understanding of the process cycle is
crucial for future success in realization of RSP as a technologically andeconom-
ically viable processing option.

The motivation for development of a type 303 stainless steel* was the need
for producing a "free machining" grade of stainless steel. By addition of large
amounts of sulfur (;. 0.15 wtS) in combination with manganese, a brittle second-
phase manganese sulfide is formed which aids the formation of small chips during
machining operations. Hence, type 303 stainless steel is a high sulfur, free-
machining grade of austenitic stainless steel. This investigation has attempted
to ascertain the effects of rapid solidification processing on the microstructure
and microchemistry of 303 stainless steel and compare the RSP product with an
equivalent conventionally processed 303 stainless steel. A high-phosphorus
stainless steel** RSP powder has also been studied and some results of this work
are presented.

EXPERIMENTAL PROCEDURE

The RSP material studied in this investigation was prepared*** by forced
convective cooling, in helium, of centrifugally atomized metal droplets to
achieve cooling rates on the order of 105oC/sec. The resultant powder, which
consists of spherical particles in the range 5 to 200 microns diameter, was
sieved to -140 mesh, enclosed in a stainless steel can and consolidated to a
fully dense, one-inch diameter rod by hot extrusion at 900C and a 10:1 reduction
ratio. Equivalent conventionally processed 303 stainless steel was obtained fro7 ,.
Carpenter Technology Corporation who had originally requested the rapid solidifi-
cation processing run. The conventionally processed material was prepared by hot
rolling of a cast 12-inch diar eter ingot down to 3U-inch diameter bar stock.
The 303 stainless steel of this investigation was therefore studied in three
processed states: the rapidly solidified powder, the rapidly solidified and
consolidated bar stockz, aol thke convetirnally procosseo material.

Prepart.ion of thin s. .ns of the "as solidifien" po.wdar particles v.'as
accotipljshed usino a modified version of thc technique described by Field and
Fraser." lnm metal po.,;der is mixed .i th an cqual wei ht of plastic c1v.nt aol
the mixture is poured onto a flat surface (polished metal or, teflon) to hards
The flat surface of the rosulting coupon is polished lightly on a 0.3 1. a!,ij
Y.wheel to expose metal particles and nickel is electrodepositvd onto this flat

• .. ominal co:iposition as determined by Carpernter Technologies Corporation:
Cr Ni tin Cu Si 1.1o S Co C N P re
17.31 73.68 1.60 0.7 0.62 0.37 0.34 0.15 0.059 0.032 U.O23 .

" ,**Nomindl composition:

: Cr Ni P C Fe

S5.0) 9.7 0.42 0.34 hal.
i~ ~ ~ ~ ~ ~ ~ ~~'1in- lrc ., '.. f.!'. i C, r.'.o. f.. it)I l, ia



%surfab to, thickness of about 0.075 mm. The "Watts" type nickel plating bath:
i oaned -330 gl" iSO4Ife-60 g/1NiCl 2 61120 40 g77-1B04;" .0-.5g- /1-(etting:lagent (sodium laurjl sulfate), and was operated at 45 to 65°C, pH 4.0 to 5.5

with < 0.03 amp/ctrC. It my be necessary to first evaporate some. nickel onto
the surface to make it electrically conductive. After electroplating, the
plastic cement is dissolved in acetone. The resulting foil can be chemically

icleaned in 50 ml H202 with a few drops of HF. It is imperative that the final
'Composite foil be clean and free from any contamination and this intermediate
icleaning-step- should be considered carefully,--The- second- side is- then electro-.
plated with nickel to form a sandwich of metal powders in electroplated Ni.

iThree-millimeter diameter discs can be punched from this composite foil and
electropolished in a conventional way. In this work, a twin-jet Fischione
electropolishing unit was used with 20% perchloric/methanol at -50°C and 20 to
'30 volts or about 0.4 amps/cm2 . .. .... .....

One source of difficulty in this technique is the unequal electropolishing
- rates of the electrodeposited metal and powder specimen material. In this study,

! the electrodeposited nickel dissolved at a slightly faster rate than the 303
stainless steel powder and therefore few usable specimens were obtained by
electropolishing. The unsuccessful electropolished specimens were, however,

:final thinned on a routine basis using an ion thinning apparatus. Thin specimens
'of the RSP consolidated material and the conventionally processed material were
prepared by the electropolishing techniques above.

RESULTS

Microstructures

The most striking feature of the microstructure of a conventionally
processed 303 stainless steel is the presence of large (100 microns long by 20
microns wide) precipitates of cigar-like shape strung out in the rolling direc-
tion of the material, Figure 1. These are the larger precipitates in a size
distribution where the lower limit is about 1-micron diameter.

The precipitate morphology of the RSP povder material shows a marked dif-
ference from that of the conventionally prucessed material, Fiqure 2. lihe
largest precipitates are generally 1000 to 2000 A diamaeter and equiaxed. These
are observed to be arranged in the structure . .- . . ..
in a C1llular network. That is, they appear a. -,-i " ., . "--. ,
to reside on the cell walls of the solidifi- . *.. . '.,' i pdpii(
cation structure and hence appear to outline . , . , ,
the ;ellular structure. A smaller (100 to .. 4-.
500 A diameter) equiaxed precipitate is also ' .
often observed dispersed throughuut the . • .
intracellular region of the structure, Figs.,. ..
2, 5, and 12. These are present secmingl.y . - . .. ,-- . , |
independent of the larger (1000 to 200) A) . .
precipitates at the cell walls. In fact " .
powder particles have been observed in TLM ' e • , -
and STEM which contain no large (1000 to
2000 A) precipitates and have rio apparent b

el1 structure, yet the siall 1(100 to !0 -' .1
iA) precipitates were preletit iii a unifora i . - .

dispersion throuqthout the material, Fiq. 3. ., 8

, : Powder particles with no apparent cellular :'r; istructure have also been observed in stin- '". , !-r-

" i ( dard metalluroical sectiotns. In particu-.-
lar, the smaller d irieLer powder particles.S(A. 20-micron dia meter) are more frewqut,,,tly \ .

I obsurved to lM, cellular ttructure.
The Cotisul'illitio l)r(,(e'. (hot ,xtrti- A

sion) appears n1 l. to have i significanit r it(. i. c 'v n ti onallI, rfC(.
effect oi the nimier, size, dnd shape of 30 s',ainlvs , ,,tee1. Light nicro-
tlue( jirec ipi tl (M. ill the k'P mater i -l, . Ci'i I iviaoe uo l a ) trn.v('re at(id
I ig. 4. It. app!ars, that the hot. (xtn'a'.ioi b) lonqituit|lal section.
defon~is primarily the aust:nit( a1d, h,.,iol,



Fig. 2. 303 stainless steel RSP powder Fig. 3. 303 stainless stee, 1'SP powaer.
with non-regular cellular structure. STEM annular dark field image of both
STEM annular dark field image. a) a non-cellular powder and b) a

cellular powder.

changes only the spatial arrangement of the precipitates although it is possiblP
that some coarsening of the precipitate does occur. Note especially that the
small (100 to 500 A) precipitates are retained. Thus, a comparison of the RSP
consolidated product with the conventionally processed material shows a reduc-

tion in size of two to three orders of magnitude with a corresponding uniform
dispersion of the precipitate in the RSP consolidated product.

The effect of RSP on the grain structure of the material has been studied.
The conventionally processed material exhibits a partially annealed grain struc-
ture with annealing and/or deformation induced twins evident and with a 30micron
average grain size in the as-hot-rolled condition, Fig. 1. The grain structure
of the RSP powder particles appears to be dependent on the solidification mPde.
Most of the powaer particles observed in TEM had a non-regular cell structure
within the confines of small (' 5 im) grains, Fig. 2. The grain boundaries were
found, in general, to be of high angle character by selected area electron dif-
fraction observations. Misorientation across cell walls of a single grain was
generally not observed in the 303 stainless steel but in some cases low angle
boundaries were observed, Fig. 5. Two additional types of solidification struc-
ture were observed, both of less frequent occurrence relative to the above type
of structure. A regular cellular solidification structure (possibly dendritic)
was observed as evidenced by the cellular arrangement of precipitates and the
large extent of the single grain that contained the cells, Fig. 6. Chemical
evidence for this (see Fig. IV, 1-- also been obtained. As mentioned previously,

s~a~~,, ..e S .!l-Fg 5 0

Fig. 4. 303 s;ainless -eel RSPconsol-Fig. 5. 303 stainless steel RSP po,,der.
Idated. TEM bight field image. STEM bright field image. Non-regular

cellular structure.



a non-cellular struct ure has been ohscrve;. 0
No gro in boundaries wee apparent in any
observations of this last structure.

It i'!, instructive to COm)ar'e these
observed structures to that oi a hi(lh phos- -
phorus stainless steel RSP powder, Fig. 7.
This is a clear case ot a cellulatr struc-
ture (possibly dendritic) where the cell
walls are lined with a continuous second
phase. Microdiffraction was used to deter-
mine that the second phase lining the cell .
*walls is amorphous. Microdiffraction bias
also used to determine that each of the
cells is part of the same grain with only Ph

slight changes in orientation between cells
as evidenced by Kikuchi 'lines in the micro-
diffraction pattern. Electron energy loss ".
spectroscopy analysis of the second phase b
was obtained with the expectation ofobserv-
ing large amounts of carbon in the form of
phosphocarhides. In fact, it was observed _
that there was no noticeable difference in. •
carbon levels between the second phase and
the matrix but that there is a large amount
of chromium and little nickel present in
the second phase relative to the matrix.
The "hexagonal" arrangement of these cells
was observed in several areas and a
linearly arranged structure (which may be a
longitudinal section of a cell), Fig. 16, , _"_"__

was also observed. m
Observations of the surfaces of the i 6t-s e

powder particles using scanning electron Fg. 6. 303 stainless steel RP
microscopy (SEll) revealed information that powder .a) TEM bright fieldmontfge

is consistent with the above observations. ane arEaRular car f truco

Principally, no dendritic or regular cellu- same area. Regular cellular struc-

lar structure was observed on the 303 ture.

stainless steel RSP powder surfaces (Fig. 8a is a typical example). There are
areas on the surface that have a cellular appearance, but continuity of the
cellular network is lacking. Figure 8b shows a smailer powder particle that
must have collided with a larger, still partially molten, powder particle.
Note the smooth surface of the smaller powder particle, especially as compared
with the larger particle. These structures can be contrasted with the dendritic
appearance of the high phosphorus stainless steel RSP powder, Fig. 8c. All of
the high phosphorus powder particles observed in SEl had such a dendritic
appearance.

* A duplex grain structure is observed in the as--extruded, RSP consolidated
material. This consists of larger (', 5 to 10 microns) grains surrounded by
small (I 1 micron), more heavily dislocated grains, Fig. 4. It is not clear

whether the larger grains have recrystallized from deformed grains or whether
_ the larger grains simply did not deform during hot extrusion. It may be that
the answer is a combination of these two possibilities, i.e., the larger g-ains
deformed less during hot extrusion and subsequently recrystallized to the

-observed state. An annealing treatment of 1000% for 1 hour effected some
6 . recovery of the structure; however, in some regions dislocation networks

remained, Fig. 9. A comparison of grain growth characteristics of the conven-,
tionally processed material and the RSP consolidated material was obtained byi

S... measurement of the average grain size at each of three annealing temperatures,
,. ,- 1000°C, 11000C, and 12000C. The results are shown in Fig. 10. The grain

growth behavior of the conventional material appears to be "normal" while that
of the RSP consolidated material is retarded, especially for the higher temper-
atures.



! pm

Fig. 7. High phospiorus stainless steel RSP powder. STEM briqht field image
with microdiffraction patterns and electron energy loss spectra from the indi-
dated points. The peaks for C, Cr, and Fe (after background subtraction) are
labeled.

SMicrocLerni str --.....

The microchemical nature of each of the three process states of the 303
stainless steel has been studied. Figure 11 is an example of a single srectrum
taken from a precipitate in the RSP powder. It identifies the precipitates as
nominally manganese sulfides. Both the large (1000 to 2000 A) and the smal
(100 to 500 A) precipitates in both the RSP powder and the RSP consolidated
material were identified, similarly, as manganese sulfides.

Composition profiles across features of interest in each material were
generated by point-by-point collection of X-ray fluorescence spectra at appro-
priate spacings in the structure. The Ka peal, intensity (normalized to FeK';)
of chromium, nickel, and sulfur is plotted for each spectrum of the profile.
A composition profile across a grain boundary in a powder particle typical of
the non-regular cell structure type is shown in Figure 12. There is essentially
no chemical variation across the grain boundary. Note that the profile does

extent into the middle of the apparent cell on either side of the boundary.
Another non-regular cellular structure of an RSP powder particle with associated
composition profile i, -shown in Figure 13. The supposed cell walls of this

Fig. 8. SEN images Of d) a typical 303 stainless steel RSP powu ;rLIcIe,

b) a smaller 303 stainless steel RSP powder particle embedded in -a larger one,;
c) a typical high phosphorus stainless steel RSP powder particle.i .". '..........
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Fig. 10. Grain growth behavior compari-
son between 303 stainless steel conven- 0"
tionally processed and RSP consolidated. 1000 110o 1200
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sample as delineated by the precipitates do not seem to be correlated with the
apparent grain boundaries. The composition profile was taken, as indicated,
across a cell wall and up to a grain boundary. No large variation in chemistry
was observed, although it appears that nickel and sulfur are slightly higher- in
composition near the cell wall. Note, this is one of the few samples that was
thinned to electron transparency solely by electropolishing techniques. A
composition profile across a cell wall of the apparent dendritic structure af
Fig. 6 is shown in Fig. 14. There does appear to be some enrich:;ient in chromium,
nickel, and sulfur at the cell wall, which is consistent with the supposition of
a dendritic (or cellular) structure. It should be noted that the degree of
enrichment indicated here is not very large. Overall, the amount of segregation
observed in the RSP powder was very low and, indeed, was limited to the above
observation of segregation in a dendritic structure.

Since there is no cell structure in either the RSP consolidated material
or the conventionally processed material, the grain structure is used as a basis
about which a composition profile can be oriented. A composition )rofile that
starts near the edge of a large recrystallized grain in the RSP consolidated
material and continues into the small grain region is shown in Figure 15. Here
again, no segregation of chromium, nickel, or sulfur is observed, but somea B F A D F- MnS I

.,
JB

-1, i 6I

1! -nrgy (heV)
2000 A

!Fig. 11. a) STEM X-ray fluorescence spectrum from a precipitate. b) STEM

bright field (BI') and STEM annular dark field (ADF) images of san..;e field of
,view in 303 stainless steel RSP pow.der.
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, Fig. 12. 303 stainless steel RSP powder, Fig. 13. 303 stainless steel RSP _ |I
Snon-regular cellular structure and powder, no-regular cell ular structure

associated compos ition profile. Arrow and associ aLed corupos iti on profi e.
~~~indicates direction of profile. Arrow indicates di rectionl, of profile.

i ~variation in silicon was observed in the small grain region. A COTmosition pro.-
' file across a grain boundary of the conventionally processed material was obzained

• witn the expectation that segregation might be more prominent in this strucur.
, • The profile with a total extent of 5 micronms showed no variation in clromriun or
~nickel. Both sulfur and silicon did show a noticeable decrease lOciO A ahead of
I the grain boundary and an equal increase 1000 A after the grain bcundary, but

. this was the only activity associated with these elenments.
- : . The high phosphorus stainless steel was examined next since, it was reasoned,

phosphor'us has a higcher propensity for segregating in steels than does sulunur.
The comaosition profile of Figure 16 shows significant segregation of chrc, ',iwu,

. nickel, and phosphorus at the cell wall of a longitudinal section of a cell.
-. Note the rapid decrease of the phosphorus signal (and indeed the nickel and
-.'chromium signals) within 500 A of the cell wall. Electron energy loss spectros-

" ;i ' icpy analysis of the second phase was obtained with ,the expectation of observina
S- large amounts of carbon in the form of phosphocarbioes. In fact, it was observed |

- . that th'ere was no noticeable difference in carbon levels between the second phase
*-i .and the matrix bit that there is a large amount of chromium and little nickel

-' present in the second phase relative to the matrix. A profile was obtained .
T]-across a cell wallI at which a discontinuity in the second phase existed so that

-a "~ Ithe profile intercepted no second phase. Chromium, nickel, and phosphorus all
i i increased somewhat at the boundary, similar to the nickel behavior in Fig. 17"

,1 but there was no "spike" in the profile at th~e boundary for either chromium or
iphosphorus. '

L ... ... .. .. ... ....... .... ... .... ..... .. .... .0



Hiqg 15. (lop) 303 ft i n I es s;'I
- ~~~RSP corisol i dated -miater- i 1an(l 

associated comupos ition profile. A
inmdicGates direction of profile. Tv,,c

015 ~jm grain bounrm3es were traversed as

020 oz

ZR~ 0 (0)

005-

1000 0 1000 3000 5000

DISTANCE FROM CELL WALL (A) 4

Fig. 14. 303 stailrless Steel 1,
podcOegUlarl- CIl air-srcue

a s soci a t ed crxS 4t 0.o pro file. r
i 1d i ua 1,c di rection of' profile. Z

0-30.

>-025

Z 1! 420

W

w 15

(L 04 Ni

x 0-0Si (XIO)

DISTANCE FROM BOUNDARY (A)



I.' .stainless steel RSP powider,
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V- DISCUSSJON

It i3 instructive to consider the iiicrostructural and microchemical informa-
tion gathered here in terms of the current underst ,nding of solidification

pheou'nabot toenhnceappecation of the structures and to ascertain its -
place arrL ng current theories. It is probable that the large cir-ar-shaped pr-
cipitate. s of the conventionally processed material are the defo-.'r.1d rewlnne,]ts of
largie eq!uiax'ed precipitates that would forii in the later stc.(ies of dendri-ic -
solidification from the solute rich interdendritic fluid. Si' Alarly, in -Lhes t o e l R aterial, the large)- (100 A to 20 A) precipi-

tates wculd have formed from e solute rich fluid in the later stages of cellular
solidification, tile size and sep~aration of the precipitates being scaled zo th!efiner cell si-e of the RSP material. Then, the presence of the large (. iO.O *.,0
precipitates in the RSP powd er teial indicate the prior existence of a solute
enriched intercellular fluid, richer aet uin the species that eveootual
comprise tle precipitates. The higher t le tht of enrichent of the inter-
cellular fluid, the greater should be the volume of precipitates that for from

that fl~id.soliIn less-than-rapid solidification of an alloy, the degee of enrich nt of
uthe intercellula fluid is nearly constant over wide ranges of solidification

rate; the cell s)cing merely decreases as solidification rate increases. At
rapid slidification rates, however, solute trapping at te advancing solid-
liquid cnterface may occur. Note then the number density of precipitates

1present at the cell walls in the dendritic (or regular cellular) structure ofo
Fig. 7 and compare it with that of thie non-regular cellular Structure of ir. 2.
It appears that there is a noticeably higher number of precipitates at the cell.

!' wall of the dendritic structure. Note also that tile rion-regular cell structure.has a significan- number of small (100 A to 500 A) intracelular precipitat s
,whereas the dendritic structure has none. This effect ca be explained bAt sume
idegree df solute trapping in the early staaes of cellular grosth (central portion

liuditrae• a cu. t the th nubrdniyofpeiiae

lof cell) with perhaps a lesser degree of solure trapping or none at all in the
Fig__7_and care it rwth. This woul -result inaless enriched intercel Iul ar



:fluid fru which-fewer-large (,. 1000 0i) precipitates would form. .It.would ,iL.o
leave a supersatu ra ted solid solution in the intracc 1lular reqion from whicii #h,
sirall (100 to i)0 A) precipitates -would form,. on cooling. Within this intc r! r -
tation, it seems that Fig. 5 is a more extreme case of the solute trappinvi. Thn
number density of intOrcellular precipitates is low while the iumber density oT
small intracellular precipitates is hig;h.

The origins of the cellular structures can he considered in light of these
obn ,r'.ations on the )r'cc ipitte,- It if rr,.sible to doscribo a
process scenario that allows for dev el:,:nt of e:ach of the solidification
structures observed. With the high cooling rates in the convective cooling of
the liquid metal droplets, large supercoolings can obtain prior to nucleation.
If this degree of sup(;rcoolinq is ,uffi (;nt to ,nter a r'.i:e where co.1ous
nucleation ensues (cither heterocenecus or .c:oc,';neous) , then many indepent}ent

.grains should develop. Based sii:iply on spatial costraints, a regular cellular
structure would liikely not develop if the jrain size is on the order of, or even
significantly larger than, the cell size. n eddi Lion, at the large supercol :r-.
growth of the crystal would be raid and the tendency should be toward a sphc-riczl
front or stunted. cellular growth. 4 Also, in this regime of large supercoolin5
of the liquid, solute trapping can be expected.Y

The observation of small grained, non-regular cell structures is compatible
with the above description. The observations on Lhie precipitate morphologies
that indicate possible solute trapping and subsequent solid state precipitation
from a supersaturated solution supports the supposition of large supercoolings
of the liquid. In addition, the cherical profiles in the non-regular cell
structures indicate nil senregation (except that associated with the precipi-
tates). Note also that, within this scenario, a reoular cellular structure
(which has been observed) is merely a less likely possibility. The presence of
the non-cellular structure appears to be associated with the smaller size (<.
30 microns) powder particles. This can be interpreted as indicating thathigher-
cooling rates are needed to obtain this structure but, in addition, smaller
liquid droplets can be expected to achieve lar.:er supercoolings, on the ave.-age,
prior to nucleation (if heteroreneous nucleation is limiting supercooling) anc
to have fewer nuclei. Thus, if a lar.e s -ip2rcooliing is achieved and is mainzaiecI

during recalescence by the high coolin- race, then it is conceivable that a
spherical front growth with segre,'-.]t 4 nless solidification has resulted. This
would result in a supersaLurated solic! solution from which the small (100 to
500 tA) preciitates would be expcctz., to forn. Fields of these precipitte-3
have been observed in TE!.1, but no definitive work has been done. The particle
of Fig. 3 was one such field %.here there were only sm-iall precipitates present
in a non-cellular grain-boundary-los fielId of view.

It appears that the RSP pj,;de t.-., is local., very homogeneous. The
consolidation process would tend to rec any secre~ation present by defor--
tion of the structure. The RSP conso e ad ma tri al. then, should be
homogeneous. This has been demonstrate.. ;n the cheical profile near the g:-.in
boundary region in the consnlida:ted r. :eriai Due to the nature of the po.;der
proccssilil oC tIis study , it is ,x;xect-i K t te IP ccrsolidatco r"ldt'-.! is
also chmut c.ic'lly h!1oc1c, u on a m.: :ro c- 0 . This a nr . 'n . e c U i 'I

de;-ionstrated. The chewical information across the grain boundary in the con-
... ventionallv proce,ssed nhte;ial demar..tArz',es thu .t this qrai:i boundary is fr._.e c

any significan L segregation. Although this ccp:;)ositioi profile extended 5
microns acro,;s the aterial it should be noted that any segrerqation asso,:iat"'L
with the solidification of the conventionall/ p -ocessed maLcral would i,aL
be present on a larcjer scalu than thaL haiwj c.hservd hcre. For instance, if
the average spacing between the larca c j.r-staed pr',!cipitates is tkcn as a
w:casur e of th;o distan ce over .llich 'I- re r, i t can QXee (.Ce, the i t i
lecussary to 1ook over distances en 1he 'arer uf 50 mir:roi.s, a 'ob bett-r suitO:i
to the eiec ~ri,; , 'nic rc, p rob. I nv' ti u.tion of the ion- range homneneity of i tv,
I:' Ccilsolifi.ue Inla] riaI could zis;.-', pijrsi: in tll i., \.'

The grain c:rc ,h r:,;i',Ianv. of V , .. , .. .).i ll ,nl a'i i' to Eiat I n; t r,
COii''ll: i o a a 1ly rn(essed rro t(rial a 1 * I to i.(. associated with the h -jt
Slln i r,,i ., , in o ,. (1, I : .... : , ',t loci , '110 .s I A i' noH
lii nda rl bout iili ry ',;H; ten! ,tud !),'II,;;' coti~ (: . -,.. lJ. ri:ml~e futi no "c .,l ,. ,,. .,



:preciritaft,, havi, he. ob(srved in the cnvoinlf IonaI ly pcr:.;od riwtrial -nd
th'i s mate r Il e xiii b iL1, ac L' C I'Orted q iI qI'.h* rel a ti ve to t R.;P wa ter id.
ilt is also possible thlct the choini cal honmo(onrety of the RSP material l1lays d

role in the rt'tarded ,, in qrowth lhliivior olh,erved
The ob, rvations (in thu hi(!t-ni i0.;phoru', Linlets stel have tirovidr-d a

:perspective wi th which to view boLh the s tructiural charactrirtics of tj Y)3
stainles,.s steel and the experir,'lLQ t 1Dt)ltaCh of this studY. The hi chl/ t r, t !r

cellular structure of the hiqh ihosphoru- stainless s - pen !Powder ta 1l, io
marked o; t, , st to the norn-ref'i lir cr.,ll s trucl1t'e of r' ths- " %c ,t. . -
RSP powd,:r and illustrates well the variabiliLy of obtai,,able structures in RSP.
The second phase morphology of the high- phosphorus stainless steel su;sts a
dependence of the jreci!)i Late morilholuony on the relaLive surface enernies )f
precipitate and ii,,. rix and that a hirh;-r v,'.lwi for thi, pr1w'"ter exists in th.
303 staitl-es stel cc . -,:d ',ith Lh hli iil-i,; , ci, u.; !. , p. ... ! . "
rapid decrease of the pisiu)horus siqnai (anca, inideed. the nickel 3rid chrc:.ii;;,
signals) within 50,1 A of the cdl I .2] Thc i1,for;:;aticn t:id r lutior, in ti>
and other si ;;vilar profile us de ',,annt ; not so inch tile ,'e.so1vi i ;.... r of th
instrument but its applicabi 1 ity to observation of the fine-scale chemical
variatio.ns encountered in material structures such as these rapidly solidified
metal alloys.

CONCLUSIONS

Rapid solidification processing of a high-sulphur austenitic type 303
stainless steel produces a significant refinement in the microstructure and
microchemistry of the material. Hot extrusion of the RSP powder retains the
beneficial microchemical effects of RSP while refining the grain structure
through deformation. Dedicated scanning transmission electron microscopy is an
effective experimental approach to detailed analysis of the iicrostructural and
microchemical nature of rapidly solidified metal alloys.
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